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Abstract
The visible part (≈ 419 − 696 nm) of the multiline electronic-vibro-rotational
emission spectrum of the D2 molecule was recorded with moderate resolution
mainly limited by Doppler broadening of spectral lines (line widths FWHM less
than 0.013 nm). After numerical deconvolution of the recorded intensity distri-
butions and proper calibration of the spectrometer the new set of wavenumber
values was obtained. It is shown that new data are significantly more precise
than those available for visible part of the D2 spectrum. Final results are re-
ported as a supplement in the form of an atlas divided into 158 sections (each
section covers about 1.5 nm) containing pictures of images in the focal plane
of the spectrometer, intensity distributions in linear and logarithmic scales and
the table containing wavenumber and relative intensity values for 11941 spec-
tral lines together with available and new line assignments for the D2 and HD
molecules.
Keywords: Deuteruim, molecule, visible, emission, spectrum, atlas
1. Introduction
Any activity in practical spectroscopy starts from recording certain spectrum
and recognizing lines, branches and bands interesting for an experimentalist.
Most straightforward, dependable and easy way for the recognition is direct
comparison of an observed spectrum with certain reference atlases of spectra for
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various atoms and molecules. Currently for molecular hydrogen such an atlas
is available only for the H2 isotopologue and only for very small part of the
vacuum ultraviolet (VUV) emission spectrum 78.60 − 171.35 nm [1]. Present
work reports an atlas of the multiline electronic-vibro-rotational (rovibronic)
spectrum of the D2 molecule for visible part of the emission spectrum (419−696
nm), which is known to be most suitable and therefore most used for practical
applications in studies of deuterium containing ionized gases and plasmas (See
e.g. [2, 3, 4, 5, 6, 7]).
Experimental studies of the D2 emission spectrum have been started soon
after discovery of the heavy isotope of atomic hydrogen [8, 9]. Wavenumber
values of rovibronic radiative transitions obtained by emission spectroscopy in
visible [10, 11, 12, 13, 14, 15] and infrared (IR) [16, 17, 18] parts of the D2
spectrum together with those obtained by VUV [19, 20, 21, 22, 23, 24] and
anticrossing [25, 26, 27, 28, 29] spectroscopic experiments were collected and
analyzed in the review paper [30]. Later only few fragmentary measurements
were made in the middle infrared part of the spectrum (about 4.5 µm) by FTIR
(Fourier transform infrared) [31] and tunable laser [32] spectroscopy. Measure-
ments of the wavenumber values for separate rovibronic lines in VUV and em-
pirical determination of singlet rovibronic term values are in progress up to now
[33, 34, 35, 36, 37, 38].
The spectrum of the D2 molecule is caused by both singlet-to-singlet and
triplet-to-triplet rovibronic transitions. The intercombination lines were not
observed yet. The most interesting resonance singlet-to-singlet band systems
connected with the ground electronic state are located in vacuum ultraviolet.
Singlet-to-singlet and triplet-to-triplet transitions between excited electronic
states are responsible for light emission of ionized gases and plasmas in near
infrared, visible and near ultraviolet. Grotrian diagram for currently known
bound electronic states and studied band systems of the D2 molecule is shown
in figure 1. One may see that a lot of electronic states and band systems are
not observed, recognized and assigned yet. It should be noted that atomic and
molecular emission lines in the visible part of the spectrum are most often used
2
for spectroscopic diagnostics of non-equilibrium plasmas (see e.g. [4, 7]).
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Figure 1: Grotrian diagram representing currently known bound electronic states and band
systems of the D2 molecule.
For labeling the electronic states of the D2 molecule two different types of a
notation are used at present time. Traditional notation [39] does not need any
additional explanations. It is based on the assumption for applicability of an
adiabatic approximation and Hund’s case ’b’ for angular momentum coupling
scheme. The notation earlier introduced by G.H.Dieke [40] (and later made more
exact in [30]) is based on the same assumptions but it is much more compact
what is very important for long tables of spectral lines. For example, the (sσ)Σ+g
states are denoted by uppercase letter ”A” for singlets and by lowercase letter
”a” for triplets, the (pσ)Σ+u states are marked by ”B” and ”b”, the (ppi)Πu
states by ”C” and ”c”, the (dσ)Σ+g states by ”D” and ”d” etc. with the principal
quantum number n of the excited electron for united atom limit case included
as a prefix.
The relation between the notations from [39] and [30] is presented in table 1.
One may see that Dieke’s notation is much more compact than the traditional
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Table 1: The list of notations used for a designation of electronic states of the D2 molecule
corresponding to various electron configurations.
Electron Singlet electronic states Triplet electronic states
configuration Traditional Dieke Traditional Dieke
[39] [30] [39] [30]
1sσ2 X1Σ+g 1sσ X(1s)
1Σ+g 1A −
1sσ2sσ E1Σ+g 2sσ EF 1Σ+g EF
a3Σ+g 2sσ a(2s)
3Σ+g 2a
2pσ2 F 1Σ+g 2pσ
2
1sσ2pσ B1Σ+u 2pσ B(2p)
1Σ+u 2B b
3Σ+u 2pσ b(2p)
3Σ+u 2b
1sσ2ppi C1Πu2ppi C(2p)
1Π±u 2C
± c3Πu2ppi c(2p)3Π±u 2c
±
1sσ3sσ H(3s)1Σ+g 3A h(3s)
3Σ+g 3a
1sσ3pσ B′1Σ+u 3pσ B
′(3p)1Σ+u 3B e
3Σ+u 3pσ e(3p)
3Σ+u 3b
1sσ3ppi D1Πu3ppi D(3p)
1Π±u 3C
± d3Πu3ppi d(3p)3Π±u 3c
±
1sσ3dσ G1Σ+g 3dσ GK1Σ+g GK
g3Σ+g 3dσ g(3d)
3Σ+g 3d
K(1Σ+g )
1sσ3dpi I1Π3gdpi I(3d)
1Π±g 3E
± i3Πg3dpi i(3d)3Π±g 3e
±
1sσ3dδ J(3d)1∆±g 3F
± j3∆g3dδ j(3d)3∆±g 3f
±
1sσ4pσ B′′1Σ+u 4pσ B
′′(4p)1Σ+u 4B f
3Σ+u 4pσ f(4p)
3Σ+u 4b
1sσ4ppi D′1Πu4ppi D′(4p)1Π±u 4C
± k3Πu4ppi k(4p)3Π±u 4c
±
1sσ4dσ P (4d)1Σ+g 4D p
3Σ+g 4dσ p(4d)
3Σ+g 4d
1sσ4dpi R(4d)1Π±g 4E
± r3Πg4dpi r(4d)3Π±g 4e
±
1sσ4dδ s(4d)3∆±g 4f
±
1sσ5pσ B′′′(5p)1Σ+u 5B
1sσ5ppi D′′1Πu5ppi D′′(5p)1Π±u 5C
± n3Πu5ppi n(5p)3Π±u 5c
±
1sσ5dσ q(3Σ+g )5dσ q(5d)
3Σ+g 5d
1sσ5dpi w(3Πg)5dσ
1sσ6pσ (6p)1Σ+u 6B
1sσ6ppi (6p)1Π±u 6C
± u3Πu6ppi u(6p)3Π±u 6c
±
1sσ6dσ (6d)3Σ+g 6d
1sσ7pσ (7p)1Σ+u 7B
1sσ7ppi (7p)1Π±u 7C
± (7p)3Π±u 7c
±
1sσ7dσ (7d)3Σ+g 7d
1sσ8pσ (8p)1Σ+u 8B
1sσ8ppi (8p)1Π±u 8C
± (8p)3Π±u 8c
±
1sσ8dσ (8d)3Σ+g 8d
1sσ9pσ (9p)1Σ+u 9B
1sσ9ppi (9p)1Π±u 9C
± (9p)3Π±u 9c
±
1sσ9dσ (9d)3Σ+g 9d
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one. Only main part of all investigated electronic states of the D2 molecule is
listed in table 1. Singlet electronic states (np)1Σ+u up to n = 46 were studied by
absorption spectroscopy in the VUV region of the D2 spectrum [23], the study
of these states is outside the scope of our paper and they are not listed in the
table 1.
For the rovibronic transitions in the tables of the present paper, we used
modified Dieke’s notation from [30]. It consists of: the multiplicity (all lines are
assigned to either singlet-to-singlet or a triplet-to-triplet transitions, indicated
by capital letter S or T respectively), the reflection (Kro¨nig) symmetry of the
upper electronic state (is given as + or −), an electronic transition in Dieke’s
notation with the upper electronic state coming first, a designation of the band
(the vibrational quantum numbers of upper v′ and lower v′′ vibrational levels in
the parentheses), and finally a designation of rovibronic spectral line including
a branch (P , Q, or R) followed by the rotational quantum number N ′′ (of total
angular momentum excluding spins of electrons and nuclei) for lower rovibronic
level. For example the notation ”T+ 4b-2a (2-3) P1” represents the transition
between f(4p)3Σ+u , v
′ = 2, N ′ = 0 and a(2s)3Σ+g , v
′′ = 3, N ′′ = 1 rovibronic
levels in the traditional notation.
2. Experimental
Our experimental setup and techniques of data processing were briefly de-
scribed in our previous paper [41]. This short communication reported mea-
surements of high-resolution spectra of the D2 molecule emitted by plasma
of extremely low current density glow discharge with cold cathode and water-
cooled walls to provide low Doppler broadening of spectral lines. Such statement
of the experiment made it possible to observe and analyze the partly resolved
fine structure of rovibronic lines connected with vibro-rotational levels of the
c3Π−u electronic state. At the same time, low current density and low trans-
lational (gas) temperature of plasma leads to the considerable decrease of the
total number of observable rovibronic lines, because only rotational levels with
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small quantum numbers are sufficiently populated.
The goal of the present paper was to study as much rovibronic lines as
possible. That was reached by increasing the current density in plasma to obtain
higher gas temperature, which leads to an increase of population densities of
high rotational levels in the ground and excited electronic-vibrational states.
That greatly increased Doppler broadening of the lines and mainly determined
the moderate resolution of observed spectra. Therefore, we have to describe in
detail the setup, experimental conditions and data processing technique used in
the present work for measurements and analysis of the spectra.
Emission of plasma located inside additional cylindrical molybdenum elec-
trode (with inner diameter Ø2 mm) introduced between the anode and the
hot cathode of the low-pressure arc discharge was used as a light source. The
flux of radiation through a hole in the anode was focused by achromatic lens
on the entrance slit of the spectrometer. The hot-cathode arc discharge lamp
LD-2D described in [42] was filled with ≈ 6 Torr of chemically pure deuterium
with small impurity of hydrogen (≤ 6%). Main measurements were made with
the discharge current 300 mA. Gas temperature T = 1900 ± 170 K was ob-
tained from the intensity distribution in the Q-branch of the (2−2) band of the
d3Π−u − a3Σ+g electronic transition (see e.g. [43, 44]). Thus, in the wavelength
range λ = 419−696 nm the Doppler linewidths (FWHM) in wavenumbers were
within the range ∆νD = 0.22− 0.37 cm−1.
Detailed description of the self-made high resolution automatic spectrome-
ter and corresponding software was described in detail in [45]. The Ebert-type
spectrograph equipped with additional camera lens (the effective focal length
F ≈ 6.8m) has the reverse linear dispersion 0.076− 0.065 nm/mm in the wave-
length range under the study and highest possible resolving power up to 1.8×105.
However, actual resolving power in the experimental conditions reported in the
present paper was mainly limited by Doppler broadening of the D2 spectral
lines due to small reduced mass of nuclei and high translational temperature of
molecules (see above).
The dynamic range of measurable intensities for every single recording (one
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shot) depends on the range of linear response of photodetectors and the noise
amplitude. But linear dependence of the photoelectric signal on the exposure
duration makes it possible to increase signal-to-noise ratio by means of summing
the results of multiple shots for the same ”window” in the spectrum. For ex-
ample, by summing 150 shots it was possible to reach the dynamic range value
of 104 [45]. Taking into account the goal of the present work, we restricted
ourselves to obtaining the dynamic range of only ≈ 100 to be able to cover
completely the visible part of the spectrum in reasonable time scale. On the
other hand, that value of the dynamic range is typical for applied researches in
plasma spectroscopy (see e.g. [7, 46]).
For determination of wavenumbers of rovibronic lines, we used the opti-
mizational technique based on linear response of a multichannel photo detector
and digital recording of intensities (see [41, 45, 47, 48, 49]). It has certain ad-
vantage over traditional photographic recording previously used for obtaining
wavenumber values in visible part of the D2 spectrum. The technique gives the
opportunity to study line profiles. In the case of an overlap between neighboring
line profiles (the so-called effect of the line blending) it is possible to make nu-
merical deconvolution (inverse to the convolution) operation and thus to obtain
correct wavenumber values of rovibronic transitions even for blended lines. Such
additional digital resolution is sufficiently higher than the optical resolution of
the spectrometer.
We are treating the inverse spectroscopic problem of determining the wavenum-
ber values of rovibronic transitions from measured intensity distributions as that
of the so-called conditional optimization. This technique consists of the follow-
ing components.
i. The first one is a parameterization of a model describing measured illumi-
nance distribution in the focal plane of the spectrometer — a dependence of the
photoelectric signal Iexptk of the k-th column of CMOS matrix photodetectors
on their position xk. In the present work, we assumed that inside every small
enough part of the spectrum (≈ 0.5 nm wide) the distribution may be repre-
sented as a sum of a constant level of the background intensity Ibg and a finite
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number M of spectral lines having Gaussian shape of the line profiles:
Icalc(x) = Ibg +
M∑
i=1
Aifi(x, x
0
i ,∆xi), (1)
where Ai is the intensity of the i-th spectral line corresponding to its centre
x0i , and ∆xi - the line width (FWHM).
ii. The second step is the formulation of reasonable restricting conditions
for the optimization process. Experimental studies of the shape of profiles for
bright and unblended spectral lines of the D2 molecule were carried out. They
shown that in our conditions the line profiles may be described by Gaussian
shape, corresponding to the convolution of Doppler and instrumental broad-
ening. Moreover, within small parts of recorded spectra (≈ 0.5 − 1 nm) the
measured values of the line widths ∆xi of all such lines of the D2 molecule are
in coincidence within error bars. Thus, optimal approximations of every small
part of the spectrum were obtained under the condition of Gaussian shape of
the profiles and common value of the ∆xi = ∆x for all (blended and unblended)
lines emitted by the D2 molecule.
iii. Then we obtained an optimal set of the parameters by searching a global
minimum of the following function
Φ({Ai, x0i }i=1...M ,∆x, Ibg) =
K∑
k=1
(Iexptk − Icalc(xk))2, (2)
which represents the sum of squares of deviations between observed and
model (1) illuminance distribution. Here K indicates the order number of ex-
perimental intensity values Iexptk in the spectral region choosed for the opti-
mizational analysis. The least-squares criterion (2) corresponds to the maxi-
mum likelihood principle in the case of random errors of measured illuminance
distributions.
The problem of finding the number of distinguishable spectral lines M giving
random distribution of the differences ∆Ik = I
expt
k − Icalc(xk) for each k =
1, 2, 3, ...,K may be solved only in the framework of interactive analysis of ∆Ik
values. On the first iteration of such an analysis we tried to find minimal number
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of Gaussian profiles M0, approximating experimental illuminance distribution.
Every local maximum in the recorded distribution, which could be distinguished
by the naked eye, was approximated by one profile. In the case of an asymmetric
shape or too thick line profile, we assumed that it is due to overlap of two spectral
lines having different intensities. In the cases of more complex overlaps, we tried
to find minimum number of the line profiles providing a random distribution of
the differences ∆Ik.
By minimizing the function (2) we obtained an optimal set of parameters
{Ai, x0i }i=1...M0 , ∆x, and Ibg for certain value of M0. Then the differences ∆Ik
and their distributions were analyzed. In the case of systematic deviations in
a dependence of the ∆Ik values on xk we added more line profiles for com-
pensating those deviations by the second iteration. Then by minimizing (2),
we obtained new set of parameters {Ai, x0i }i=1...M1 , ∆x, and Ibg, and analyzed
∆Ik again. This iterative procedure lasts until we achieved random distribution
of ∆Ik within every spectral region under the study. Thus, the optimal sets of
parameters {Ai, x0i }i=1...Mm , ∆x for all spectral lines and certain background
intensity value Ibg were obtained.
Due to small hydrogen impurity in plasma under the study, we may observe
not only easy distinguishable lines of hydrogen atoms. Some strong lines of
the HD molecule could be recorded as well. Doppler widths of the HD lines
are 15.4% larger than those of the D2 lines (vast majority in each spectral
”window”). Thus, our optimization condition of the identical width for all lines
within every small spectral range is not good for the HD lines. Unfortunately,
wavenumber values and assignments of the HD lines are currently available only
for rather limited number of bands studied in [10, 12, 15, 50]. Therefore, when we
suspected that some line in our spectrum belongs to the HD molecule (because
it was earlier assigned as belonging), we allowed to our program to consider
this line as an exclusion and to determine her width regardless of the common
width determined for the D2 lines located in the same window. In the cases of
secluded and bright HD lines the values of their widths became 10−30% larger
than before the exclusion. For blended and weak HD lines, our optimizational
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determination of their characteristics was ill-conditioned problem. Thus, some
lines which existence seems questionable to authors of the present work are
marked by asterisk in final tables.
Wavelength dependence along the dispersion direction for a long-focus spec-
trometer is close to linear in the centre of the focal plane (see e.g. the formula
(2) in [45]). It may be approximated by polynomial of the ratio x/F , which in
our case is less than 0.002 (here x is the small displacement from the centre of
the matrix detector, and F is effective focal length of the spectrometer). On
the other hand, the wavelength dependence of the refractive index of air n(λ)
is also close to linear inside a small enough part of the spectrum. Inside narrow
spectral intervals the product λvac(x) = λ(x)n(λ(x)) may be also approximated
by low degree power series expansion. Therefore, we calibrated the spectrometer
directly in vacuum wavelengths λvac = 1/ν.
Another peculiarity of our calibration technique is using the experimental
vacuum wavelength values 1/ν from [30] as the reference marks. For bright
unblended spectral lines these wavelength values show small random spread
around smooth curve approximating the dependence of the wavelengths of the
lines against their positions in the focal plane of the spectrometer. Moreover,
those random errors are in good accordance with normal (Gaussian) distribution
function. Thus, it is possible to obtain a precision for new wavenumber values
even a little bit better than those of the reference data due to smoothing.
To be sure that the data from [30] are free from systematic errors we have
had to perform special experiments with capillary-arc lamp analogous to that
described in [51] (capillary diameter d = 1.5 mm and current density j = 30
A/cm2) but filled with the H2 +D2 +Ne mixture (1:1:2) under total pressure
P ≈ 8 Torr [52].
For vacuum wavelength calibration we used bright and free of blending lines
of the D2 and H2 molecules as well as Ne spectral lines with reference data from
[30, 40, 53] respectively. As an example, the distribution of vacuum wavelengths
of the lines against their positions on the CMOS matrix in pixels obtained
for one narrow spectral interval is shown in figure 2(a). One may see that
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Figure 2: Dependences of the vacuum wavelengths λvac of the brightest D2, H2 and Ne
spectral lines on the coordinate (in pixels) in the focal plane of the spectrometer (a) and their
deviations ∆λvac from the calibration curve (b); 1 are the experimental values for the D2
molecule from [30], 2 — for the Ne atom from [53], 3 — for the H2 molecule from [40]; solid
line represents the approximation of experimental data [52].
the dependence of the wavelength for most of the lines on the coordinate x is
monotonic and close to linear. The calibration curve of the spectrometer was
obtained by the polynomial least-squares fitting the data. Our measurements
showed that, using the linear hypothesis is inadequate, third–degree polynomial
is excessive, while an approximation by the second-degree polynomial provides
calibration accuracy better than 2 × 10−3 nm. Such a way of the wavelength
calibration allows us to get new experimental values for the rovibronic line
wavenumbers. The differences ∆λvac between new values and used reference
data are shown in figure 2(b). One may see that these differences have certain
spread around calibration curve, that does not exceed 0.002 nm. Thus, our
measurements show that experimental wavenumber values from [30, 40, 53] are
in good agreement with each other. Therefore in our studies of the D2 spectrum,
the wavenumber values from [30] were used as the reference data set. Such
”internal reference source” gave us an opportunity to eliminate experimental
errors caused by the shift between a spectrum under the study and the reference
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spectrum from another light source, due to a different illumination of the grating
by different lamps (see e.g.[33]).
Each experimental wavenumber value measured in the framework of the
procedure described above is obtained with the uncertainty (one standard devi-
ation) determined by quality of an approximation of a recorded intensity distri-
bution and quality and quantity of standard reference data within every small
fragment of the spectrum (≈ 0.5 nm) selected for data processing.
3. Results and discussion
The visible part of the emission spectrum of deuterium plasma with minor
hydrogen impurity was recorded and analyzed by means of the optimizational
technique. The results thus obtained are presented in the Appendix to the
present paper in the form of the atlas and accompanying table with certain
data for the wavelength range ≈ 419 − 696 nm. One may see that the spec-
trum contains three Balmer series lines of atomic deuterium Dα, Dβ , and Dγ ,
corresponding lines of atomic hydrogen (impurity) and 11935 molecular rovi-
bronic lines. The overwhelming majority of molecular lines belong to the D2
molecule but some HD lines were distinguished and marked in the tables with
corresponding assignments according to [10, 12, 15, 50] together with some new
assignments made in the present work. The atlas is divided into 158 sections.
Each section covers about 1.5 nm. It contains pictures of images in the focal
plane of the spectrometer, and intensity distributions in linear and logarithmic
scales. Positions of the line centres obtained by the deconvolution are presented
as ”stick diagrams” indicating their wavenumbers and the intensity amplitudes.
The numbering of the lines (for every fifth line) is shown below the linear scale
intensity distributions. The vacuum wavelength and wavenumber scales are
valid for both the images and the graphs. The accompanying table contains
measured wavenumber and relative intensity values for recognized spectral lines
together with available and new line assignments. Wavenumber values from [30]
are included into the table only for spectral lines used as the reference points in
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the process of calibrating our spectrometer.
As an example, one typical fragment of the spectrum having the length equal
to one section of the atlas is shown in the figure 3. This fragment was chosen
as an example because it contains first 6 spectral lines of the (2-2) Q-branch
of the Fulcher-α band system (the d(3p)3Π−u − a(2s)3Σ+g electronic transition)
of the D2 molecule. The Q-branches of this band system are most often used
for spectroscopic determination of gas temperature in non-equilibrium plasmas
containing deuterium [2, 3, 4, 7, 44].
One may see from the figure 3 that ”the digital resolution” obtained by
the optimization solution of the inverse problem is much higher than the mod-
erate ”optical resolution” of the recorded spectrum, which is determined by
Doppler broadening and the instrumental function of our spectrometer. That
digital deconvolution of recorded intensity distributions made it possible to ob-
tain wavenumber values of close-lying and considerably blended lines. It should
be emphasized that quite often this technique allows distinguishing lines sepa-
rated closer than the linewidth (one may find about dozen of such cases in the
figure 3).
Obtained wavenumber and intensity values for all lines in the presented
spectral region are shown in the table 2. Column 1 of the table (K) gives
spectral line index which was used for numbering of recognized lines throughout
the atlas. Column 2 (ν) gives measured spectral line wavenumber values with
the uncertainty (one standard deviation) shown in brackets in units of the last
significant digit. Some spectral lines included into the table may appear as false
solutions of the inverse problem or may belong to HD molecule (see above).
Their wavenumber values are marked by asterisk in the table. Such spectral lines
are beyond the scope of the present paper. They need additional studies in high
resolution experiments similar to those reported in [41, 52]. Wavenumber values
for spectral lines assigned as pseudo-doublet components of partly resolved fine
structure of triplet-to-triplet lines (see [41]) are marked by letters ”s” and ”w” for
strong and weak components respectively. Column 3 (I) gives measured relative
line intensities. The uncertainty (one standard deviation) is shown in brackets in
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units of the last significant digit. Column 4 (νR) gives wavenumber values from
the appendix C of [30] close to our values. Wavenumber values used as standard
reference data for the reverse wavenumber calibration of our spectrometer are
presented in the bold face. Column 5 (Assignment) gives assignments for the
D2 lines from [30] and for the HD lines from [10, 12, 15, 50]. Assignments for
the triplet-to-triplet lines confirmed by the statistical analysis analogous to that
reported in [48] are shown in the bold face, while new assignments made in the
present work are italicized.
It should be stressed that our technique makes it possible to find out the
”personal” error estimate for every wavenumber value (see the table 2). This is
most sharp distinction of the data reported in the present work from those earlier
obtained by traditional photographic technique. In original papers reported the
data for visible part of the D2 spectrum experimental errors for wavenumber
values are or rough estimates or not mentioned at all. In the compilation [30]
the uncertainty of experimental wavenumber values was reported as single value
σ = 0.05 cm−1 common for all spectral lines under the study (from UV up to
IR). That is obvious underestimation of real error bars because about 28000
lines are distributed in the wavelength range ≈ 300−2800 nm and were studied
by spectrometers having different resolving power.
The differences ∆ν between wavenumber values obtained in the present work
and those from [30] for the fragment shown in figure 3 are presented in fig-
ure 4(a). One may see that the deviations of lines used in the present work as
a reference wavenumber values are smaller than ±0.05 cm−1. But for all other
lines the deviations from our calibration curve (representing the dispersion curve
of our spectrometer, which is obviously a monotonic function of the coordinate)
may reach 0.2 cm−1. The cumulative distribution function of the differences
∆ν is shown in figure 4(b) together with the straight line representing Gaussian
(so called normal) distribution (see e.g. [54]). One may see that the empiri-
cal distribution of the deviations is close to normal. Therefore, the deviations
are random and obviously represent reading errors of the data collected in [30].
Thus, our data are more precise due to the deconvolution and the smoothing
14
procedure in determination of the spectrometer dispersion curve.
All measured in the present work wavenumber values for the assigned triplet
spectral lines together with all available wavenumber values from [10, 12, 16, 17,
29, 30, 31, 32] were used as input data for obtaining the set of optimal rovibronic
energy levels by means of the method of statistical analysis proposed in [54].
Detailed description of the analysis will be reported elsewhere. It was similar to
our previous work [48], but the observation of pseudo doublets for lines coming to
vibration-rotational levels of the c3Πu electronic state [41] forced us to carry out
the optimization in two stages. At the first stage, the 2718 wavenumber values
of rovibronic lines belonging to band systems having the a3Σ+g as a common low
electronic state were analyzed for all known n3Λg − a3Σ+g electronic transitions
with the quantum numbers of electronic angular momentum projection about
the internuclear axis Λ = 0, 1 and the principal quantum numbers (in the united
atom model) n = 3 − 9. Then optimal values of the rovibronic energy levels
obtained on the first stage were fixed and included into new input data set
together with the 1263 wavenumber values of all other spectral lines. Finally
the optimal set of the wavenumber values for all triplet rovibronic levels of the
D2 molecule were obtained by the optimization procedure. Such a two-stage
procedure gave us an opportunity to obtain with high precision 595 energy
values for vibro-rotational levels of the a3Σ+g and n
3Λu (with Λ = 0, 1 and
n = 3 − 9) electronic states having negligibly small values of triplet splitting.
Other 450 values of energy for vibro-rotational levels the c3Πu and n
3Λg (with
Λ = 0, 1, 2 and n = 3 − 9) electronic states are less precise because in the
input data we used wavenumber values for the strong components of the pseudo
doublets. Those pseudo doublets represent partly resolved triplet structure of
the lines mainly caused by triplet splitting of the c3Πu, v,N rovibronic levels
[41].
Our statistical analysis shows good agreement (in the framework of the max-
imum likelihood and Rydberg-Ritz principles) between 1045 values of obtained
rovibronic energy levels and 3981 experimental wavenumber values of spectral
lines, which are spread over very wide wavenumber range 0.896–28166.84 cm−1
15
(from radio frequencies up to the near ultraviolet), obtained for various band
systems, by various methods and authors, and in various works.
Originally, we intended and designed the atlas and the wavenumber tables
mainly for experimentalists working in the great variety of spectroscopic applica-
tions with ionized gases and plasmas containing deuterium. We hope that they
appreciate an appearance of the source of information providing an opportunity
of the timesaving and comfortable work with the D2 spectra.
However, the wavenumber values obtained in the present work could be
interesting and useful for theoreticians as well. From the data reported in the
present paper one may see that most of the D2 spectral lines are not assigned so
far. Therefore, a nature of these unassigned lines is still uncertain. We consider
this situation as abnormal for an isotopologue of simplest neutral molecule. We
hope that our results may stimulate interest of theoreticians dealing with high
accuracy non-adiabatic ab initio calculations.
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Figure 4: (a) – The differences between wavenumber values obtained in the present work and
those from [30] for the wavelength region presented in figure 3. The points 2 correspond to the
lines used as reference data, and points 1 to all other lines. (b) – The cumulative distribution
of the differences in the form of the function Φ(ξ) from [48], where the dot line 1 represents
Gaussian and the bold line 2 — empirical distributions.
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Appendix
Atlas and wavenumber table of the D2 molecule emission spectrum for wave-
length range 419− 696 nm.
The table contains: first column — the order numbers K of distinguished
spectral lines; second and third column — measured wavenumber ν and the
relative intensity I values respectively, the standard deviations being shown in
brackets in units of last significant digit; fourth column — wavenumber values
of lines from [30] used as the reference data for the wavenumber calibrations;
and the fifth column — the line assignments in the Dieke’s notation. Confirmed
by statistical analysis assignments for triplet lines are set in bold face and the
new assignments proposed in the present work are italicized. Lines of the HD
molecule are marked by the HD symbol.
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